To evaluate Vietnamese shallot strains as genetic resources, genetic variation among those collected from three main (northern, central and southern) regions in Vietnam was studied, based on morphology, physiology, and polymorphisms of nuclear, chloroplast, and mitochondrial DNAs. Strains from the northern region had spreading and dark green leaves, bolted late, and formed bulbs early. The bulb skin was white during bulb formation but turned brown after harvest. By contrast, strains from the central and southern regions, that had semi-spreading leaves, bolted early and formed bulbs late. The leaves were yellow green when young, but turned dark green as they matured. The bulb skin was pink when the bulbs were young but became red after harvest. In the dendrogram based on RAPD analysis of total DNA, two groups of strains were formed. One included the strains from the northern region and the other the strains from the central and southern regions. PCR-RFLP analyses of chloroplast and mitochondrial DNAs showed no variation among the strains from the three regions. From the results, two different types of shallot were identified, namely the North type (distributed in the northern region) and the South type (in the central and southern regions). Different characteristics of these two types will be useful for future breeding of shallot, common onion, and wakegi onion in tropical and sub-tropical countries.
Introduction
Shallot (Allium cepa L. Aggregatum group) is a crop that is closely related to common onion (A. cepa L. Common onion group). It differs from the common onion by their very small stature, active tillering and formation of a cluster of small bulbs (Jones and Mann, 1963; Tashiro et al., 1982) .
In the Southeast Asian countries, shallot is an economically important crop and much more in demand than common onion because of its pungent flavour and high adaptability to tropical and subtropical conditions (Buijsen, 1990; Permadi and van der Meer, 1994; Tashiro et al., 1982) .
In Vietnam, shallot that has been cultivated for centuries is grown much more extensively than any other Allium crops. Since growth cycle is short (about 3 months), it is usually rotated with rice and other crops in the field or mixed or inter-cropped with herbs, lettuce or flowers in the home garden. It is sold in every market located in low to high lands all over the country, as fresh green or dry bulbs. For dietary consumption, it is usually used as a vegetable, spice, pickle or medicinally to reduce fever and cure wounds. The main cultivated areas are the Red River Delta (in the northern region), Mekong Delta (in the southern region) and some provinces in the central region. These regions are geographically isolated and have different climatic conditions. This fact suggests that there is a wide genetic variation among shallot strains that adapt to these areas.
To evaluate Vietnamese shallot strains as a genetic resource for future breeding of onions, genetic variation among the strains collected from different regions in Vietnam was studied based on morphological and physiological characters and polymorphisms of nuclear, chloroplast and mitochondrial DNAs.
Materials and Methods

Plant materials
Twenty strains of shallot were collected from the northern, central and southern regions of Vietnam during trips in December 2001 and May 2002 (Fig. 1 , Table  1 ). When a sample of each strain was collected, the information on cultivated place and condition of the sample was collected by an interview. All strains collected had been cultivated in the collection sites or nearby except strain A-70 that was shipped from Hanoi to a market in Hochiminh a day before collection. These strains were cultivated in a plastic house of Saga University from September 15, 2002 to May 1, 2003; 10 plants of each strain were used for morphological and physiological observations. The roof of the plastic house was covered with plastic film to protect from rainfall and frost, but both sides and doors were opened. The DNA from 13 of these strains and one additional one collected from Camau province in the southern A part of this study was presented at the 2003 Autumn Meeting of the Japanese Society for Horticultural Science. region, were analyzed.
Cytological analysis
Actively cell-dividing root tips were pre-treated with 0.05% colchicine aqueous solution for 2.5 h at 20°C and fixed in a mixture of acetic acid and ethyl alcohol (1:3 v/ v) before hydrolyzing with 1N HCl for 7 min at 60°C. Then the root tips were stained with leucobasic fuchsine and squashed in 45% acetic acid. Karyotype analysis was made on the characters of metaphase chromosomes, such as chromosome number, chromosome length, arm ratio, and satellite chromosome according to Tashiro et al. (1982) .
Morphological and physiological observations
For each strain, plant height, leaf diameter, and number of tillers per plant were recorded two and half months after planting, while leaf color was observed in all the growing cycle, and bulb skin color was noted at the beginning of bulb formation and 50 days after harvest. The number of days from planting to bolting was counted, and flower morphology was observed at full bloom.
RAPD analysis
Total DNA was extracted from 1-2 g of fresh leaves, by using the CTAB method described by Murray and Thompson (1980) with minor modification described by Yamashita et al. (2000) . Amplification was carried out under the condition reported by Shigyo et al. (1997) RAPD bands derived from three independent amplification reactions were scored as being present (1) or absent (0) for all strains. To estimate the genetic distance among the strains, the genetic similarities (F) of RAPD fragments were calculated by employing the formula of Nei and Li (1979) , F = 2Mxy/(Mx + My), where, Mxy, number of shared fragments between the strains "x" and "y"; Mx, number of scored fragment of strain "x"; My, number of scored fragment of strain "y". Distant values were calculated as 1-F. These values were then used as input data for cluster analysis. To generate a dendrogram, the UPGMA clustering method in MEGA version 2.1 (developed by Kumar et al., Arizona State University, USA) was employed.
Chloroplast DNA analysis
For the chloroplast DNA (cpDNA) analysis, total DNA from the leaves was extracted as above. The identification of cpDNA involved the use of oligonucleotide primers homologous to the region containing the ribulose-1,5 bisphosphate carboxylase gene (rbcL) and open reading frame 106 (ORF-106) of cpDNA. Sequences of two primers for the amplification were 5'-ATGTCACCACAAACAGAAACTAAAGCAAGT-3' (rbcL) and 5'-ACTACAGATCTCATACTACCCC-3' (ORF106) (Arnold et al., 1991) . PCR was carried out under the condition reported by Arnold et al. (1991) with minor modification by Yamashita et al. (1998) . The amplified products were digested with 10 restriction enzymes Alu I, Ase I, Bgl II, BamH I, EcoR V, Hinf I, Pst I, Rsa I, Xho I (at 37°C) and Taq I (at 65°C) for 3 hours and electrophoresed on 1.5% agarose gel containing ethidium bromide in TAE buffer. The digestion pattern was observed on UV transilluminator.
Mitochondrial DNA analysis
Total DNA extraction was done as above, and the V7 region of mitochondrial (mt) small ribosomal subunit RNA (SrRNA) gene was analyzed. The sequences of the 2 primers were 5'-TATGAACAACAAAACCT-GTCTTTAACGGGATGG-3' (mtV7 P1 ) and 5'-GCG-GACTTGACGTCATCCCCCACCTTCCTCCAG-3' (mtV7 P2 ). PCR was carried out according to Yamashita et al. (2000) . Methods for digesting the amplification product and observing digestion patterns were the same as those for cpDNA except for absence of the restriction enzyme Xho I.
Results
Cytological analysis
All strains collected were confirmed to be shallot based on the somatic chromosomes in the root tip cells: they were all diploid (2n = 16) except the strain A-55 (Table  1) . Of the strain A-55 collected in Hochiminh, some bulbs had 16 chromosomes while the others 32 chromosomes (tetraploid). Therefore, the strain A-55 was separated into two different strains as A-55-1 Bulb skin color was observed 50 days after harvest.
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Strains A-55-1 and A-55-2 were mixed and sold in a market in Hochiminh. The data of strain A-55-2 (tetraploid) were not included in the average of strains from the Southern region.
v Cultivation place of these strain was Hanoi and the data of this strain were not included in the average of strains from Southern region.
(diploid) and A-55-2 (tetraploid). All the diploid strains observed had the karyotype formulas as K (2n) = 16 = 14V + 2J t or K (2n) = 16 = 14V + J t + J, in agreement with the result of Tashiro et al. (1982) . The tetraploid strain had 4 satellite chromosomes, of which sizes, arm ratios and positions of satellites were similar to those of diploid strains (Fig. 2) .
Morphological and physiological observations
Morphological and physiological characters of all strains observed are in Table 1 . Except for strain A-70, which was cultivated in the northern region, but collected in the southern region, there was no variation in the young leaf and bulb colors among the strains collected in each region; there were some variation in plant height, leaf diameter, number of tillers and time for bolting. Morphological and physiological differences were detected between the strains of the northern region and those of the central and southern regions. The former had spreading dark green leaves, and bolted late; their bulb skin color was white during development, but it turned brown after harvest (Fig. 3) . Whereas, the latter had semi-spreading young yellow green leaves, which turned dark green at maturity; they bolted early. The young bulb skin was pink but became red after harvest. Strains from northern region had fewer flower stalks per plant than had those from the central and southern regions (data not shown). The former began bulb formation two weeks earlier, entered into dormancy two months earlier and produced bigger bulbs than did the latter. All strains from three regions had the same flower morphology, typical of the shallot.
The strain A-70 had the same morphological and physiological characteristics as the strains from the North region where the strain A-70 was cultivated. The tetraploid strain A-55-2 had larger plant height and leaf diameter but had fewer tillers than the diploid strain A-55-1. 
RAPD analysis
Sixteen out of 40 primers used in RAPD analysis produced a total of 130 distinct bands in the diploid strains (Table 2) . Seventy polymorphic bands were scored with fourteen primers. The two primers, OPA16 and OPGO6, produced no polymorphic band. Significant variations in the presence or absence of the bands could be observed between the strains from the northern region and those from the central and southern regions. In the case of primer OPA01, a polymorphic band about 1.5 kbp was detected only in all strains from the central and southern regions (Fig. 4) , while a polymorphic band about 0.65 kbp was found only in strains from the northern region. Polymorphism of banding patterns was also detected among the strains from the same region.
In the dendrogram based on the RAPD data, two different groups were formed. One group (North type) included all strains from the northern region, meanwhile, the other (South type) all the strains from the central and southern region (Fig. 5) . Strain A-70 was categorized with the North type.
Chloroplast DNA analysis
The size of the amplified region between rbcL and ORF-106 was about 3.2 kbp. Except for Pst I, all restriction enzymes used digested the amplified DNA and generated a total of 27 bands. None exhibited polymorphism.
Mitochondrial DNA analysis
The size of the amplified region was about 550 bp. A total of 11 bands were produced by digesting the amplified DNA with 6 restriction enzymes (Alu I, Ase I, Bgl II, EcoR V, Pst I and Rsa I). Other three restriction enzymes (BamH I, Hinf I and Taq I) did not digest the amplified DNA. No polymorphic band appeared among the strains.
Discussion
In the present study, the results from morphological and physiological observations and RAPD analysis reveal that there are two distinguishable types of shallot in Vietnam, namely the North and South types. The former is distributed in the northern region and the latter in the central and southern regions. These two types of shallot can be easily distinguished in the market of Vietnam by their dry bulb skin color; the North and South types have brown and red bulb skin colors, respectively. Human and natural selections have led to the development of different plant types present in several cultivated species (Fritsch and Friesen, 2002) . Geographically, Vietnam is a country with two distinct climates; the northern region has four distinct seasons, while the central and southern regions have two seasons, dry and rainy. In the northern region, shallot is usually cultivated from October to February, when the weather is cool and dry, whereas in the central and southern regions, it is usually cultivated from November to March, when the weather is hot and dry. It seems that the two different types of shallot have occurred as a result of the selection in Vietnam. The two types of shallot-each type must have high adaptability to the cultivated region-will be useful as genetic resources for the breeding of shallot, common onion and wakegi onion in Vietnam and other tropical and sub-tropical countries.
In Vietnam, shallot does not show bolting and the local name "hanh cu" (bulb onion) has been applied to shallot in order to separate from "hanh hoa" (flower onion) for Japanese bunching onion. Under our observation in Saga University, however, all strains of shallot from Vietnam bore flower stalks. This result proves that the shallot in Vietnam has a potential to flower and that the growing condition has a remarkable effect to the flowering. In Saga, the short day length and/or low temperature during autumn and winter supposed to stimulate the bolting of both types of shallot, and the South type of shallot might have higher sensitivity than the North type (About 60 days and 120 days were necessary for bolting, respectively). Besides the change in bolting, the bulb size also had altered in Saga. Both types form almost the same size of bulbs in Vietnam, but in Saga the North type entered bulbing earlier and produced bigger bulbs than the South type. It seems that early bolting and continuous flower stalk formation resulted in the small size of bulbs in the South type. Being done in the field of Saga University, our research had pointed out variations in bolting and bulb formation among the shallot strains from Vietnam. In the future, advanced morphological and physiological studies of the two types of shallot will be done in Vietnam.
In the results of PCR-RFLP analyses, there was no obvious variation among restriction sites in the analyzed regions of chloroplast and mitochondrial DNAs of the shallot strains from Vietnam. It will be necessary to consider other method to detect polymorphisms in chloroplast and mitochondrial DNAs.
Shallot has been widely cultivated and consumed not only in Vietnam but also in other Southeast Asian countries (Arifin et al., 2000; Buijsen, 1990; Endang et al., 2002; Ochse, 1931; Permadi and van der Meer, 1994; Tashiro et al., 1982) . Concerning to the bulb color, the red shallot was popular in these countries. However, other types of shallot have been cultivated with a small amount for local consume. In Thailand, there are white shallot "hom khaao" cultivated in the North and North East regions and the orange color shallot "hom bua" in the North region (Buijsen, 1990) . White shallot, which is cultivated in Indonesia, has been used as a charm for the fields. This shallot has the same morphological characteristics as red shallot except for the colors of bulb, leaf and anther. After genetic analyses, Endang et al. (2002) concluded that this shallot belongs to Allium cepa L. Aggregatum group. They supposed that the white shallot originated from red shallot through natural mutation processes. During our survey, brown shallot was found in the North region of Vietnam and this type was very popular in this region. Furthermore, some bulbs of tetraploid shallot were mixed with diploid ones and sold in a market in Hochiminh. Except having larger size in bulb, plant height and leaf diameter, most characters of the tetraploid were as the same as the diploid. Therefore, this strain seems to be an autotetraploid. The karyotype analysis supported this presumption. In Vietnam, shallot (A. cepa L. Aggregatum group) is not distinguished from wakegi onion (A. wakegi Araki) and the name "hanh ta" (native onion) or "hanh cu" are used for both of them. To avoid confusion between shallot and wakegi onion and to confirm the ploidy, karyotype analysis of the material plants will be essential in the comparative studies on shallot. With the presence of many types of shallot in Southeast Asian countries, it is interesting to study on the relationship between shallot strains cultivated in Vietnam and those in nearby countries.
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